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This invention relates fo silica sols stabilized 
against the effects of freezing by the addition of 
a minor amount of a soluble, aliphatic amine. 
Colloidal silica solutions when frozen do not 
redisperse. Freezing bas the effect of agglom- 
erating the .particles so that, depending upon 
the exact .character of the sol, in some instances 
the sol becomes very turbid while in others the 
particles precipitate from the solution as large 
agglomerates. Once the particles bave been 
glomerated or caused fo form clusters by freezing 
there is no readfly availsJble means for returning 
the sols to their original state. 
The injurions effects of freezing make the 
marketing of silica sols difficult during the win- 
ter months because such products are so often 
stored in places where they may be frozen. They 
may also ï0e frozen in the course of shipment. 
The problem is also met with varions products 
such as wax or coating compositions which con- 
tain sflica sols. 
According to the present invention a sflica sol 
is stabilized against the effects of freezing by dis- 
solving in the sol a small amount of a soluble, 
aliphatic amine. A sol thus stabflized can be 
frozen and thawed a number of rimes with but lit- 
tle damage to the sol. Each rime after thaw- 
ing the sol returns to substantially its previous 
ondition, but there is occasionally an increasing 
turbidity with many repeated cycles of freezing 
and thawing or with a prolonged period of being 
frozen. The stability which is lent by the use 
of amines according to the invention is sufficient 
fo permit the handling of silica sois and of waxes 
and other .preparations containing silica sols 
without the difficulties due to accidental freezing 
which bas heretofore been so great a problem. 
The invention may be used to advantage with 
any silica sol in which coltoidal silica is suspended 
in water. The various colloidal silica solutions 
known in the trde can, any of them, be used, 
But the greatest advantage is obtained with the 
more concentrated sols containing 15 por cent up 
to 30 per cent or even more of SiOn. 
Sfli.ca sols prepared, for instance, by dialysis 
can be nsed. Again the tyPe of sols prepared in 
Neundlinger Patent 1,835,420, may advanta- 
geously be stabilized according to the invention. 
Sfli.a sols suitable for use in compositions of the 
invention may also be prepared by dispersing in 
ater a fume ruade by volatflizing silica and 
Condensing the Silica in the form of very small 
particles. A silica fume ruade by hydrolyzing 
silicon tetrachloride vapor in steam also yelds 
particles which can be snspended in. water fo 
prepare sols useful according to the present in- 
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vention. Again, sols of the tYPe shown in the 
White Patent 2,375,738 may beused. 
Silica sols for use in compositions of the in- 
vention may also be pzepared by ion-exchange 
5 as in the Bird Patent 2,244,325. Simflarly, sols 
may be used which are prepared following the 
processes of the Voorhees Patent 2,457,971. A 
sflica sol which may most advantageously be 
used according to the invention is of the type 
10 disclosed in the Bird patent but additionally char- 
acterized by the sflica having an ultimate particle 
size hot exceeding about 0.03 micron, an extinc- 
tion coefficient of less than 0.25 and being pre- 
pared by passing an alkali silicate solution 
15 through an acid regenerated ion-exchange mate- 
rial, all as described in Iler application, Serial 
No. 699,037, filed September 24, 1946, now aban- 
doned. 
By "ultimate particle size" is meant the aver- 
20 age size of particle present when the solution is 
diluted to about 0.1% silicon dioxide with water 
and dried in a very rhin layer deposit. 
When solutions of colloidal silica having the 
saine concentration of silicon dioxide are cern- 
25 pared, the relative transparency te light is an 
indication of the type of particles present. Ho.w- 
over, by working with monochromatic light, and 
by measuring the percentage of light transmitted 
through a solution of given, depth at a given 
30 .concentration of silica, there can be calculaed 
a constant known as the "extinction coefficient." 
This is expressed by the following formula: 
35 where 
E'.=extinction coefficient, 
p =per cent by weight of SiO in he colloidal solutioñ, 
L=lengh of adsorption cell in centïmeters, 
I0=the transmission of the dispersion medium (for 
water this is 100), and 
/=observed transmission of light of a given wave- 
length as compared o the trasmission of pure 
water. 
If wfll be noted that the extinction coefficient 
for a given type of solution is a constant which 
is independent of the concentration of the solu- 
tion and of the length of the cell through which 
the light passes, b.ut the numerical value depends 
upon the manner in which the concentration of 
the solution is expressed and upon the unit in 
which the cell length is measured. In this case, 
the extinction coefficient is given ïn terres of the 
percentage by weight of silica in solution and in 
centimeters of cell length. 
The preferred aqueous sols for use according 
to the invention are those having particle sizes 
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ranging from about ton fo one hundred and fifty 
millimicrons in diameter. The sols of the White 
Patent 2,375,736 are such materials and a hum- 
ber of the prior art sols contain particles in the 
range described. 
A preferred sol for use according to the in- 
vention is prepared by heating a silica sol which 
bas ,been ruade by ion-exchange in the mariner 
described in Bird 2,244,325 te a temperature 
above 60 ° C. and adding further quantifies of the 
saine type of sol until at least rive rimes as much 
silica bas been added to the original quantity as 
was at first present. The product thus prepared 
is stable against gelation at high temperatures 
and pressures and it contains particl.es above ton 
mfllimicrons in diameter and belev about one 
hundred and fifty millimicrons in diameter. The 
process as outlined is fully descr,bed and is 
claimed in the application of Max F. Bechtold 
and Omar E. Snyder in application Serial No. 
65,536, filed December 15, 1946, now Patent No. 
2,574,902. 
Silica sols to be sold as such accordng fo 
preferred practices of the invention will ordinar- 
fly contain about 15% of SiOn. or up to, say, 30% 
or even more. Sometimes it may be desirable to 
stabilize more dilute sols and this may be done 
according to the invention. The principal ad- 
vantage of stabilizing very dflute sols will be 
round when small amounts, say, 1 fo 5 % of SiO 
are present in emulsions of waxes or in coating 
compositions. 
The silica sols belote addition of amine should 
preferably bave a pli below 10.5 and specilïcally 
if is preferred that the pli of the sols fall within 
the range pli 10.5 to pli 9. 
The preferred sols prepared by the processes 
of the Bechtold and Snyder application men- 
tioned above contain up fo about thirty per cent 
or so of SiO2 and have a SiO2 : Na20 ratio of 
from 60 : 1 fo 130 : 1. 
Reference bas been ruade above fo the use 
of sodium silicates in making sols, but it will 
be understood that potassium sflicates can be 
used in the same way and are equivalent. 
A silica sol is stabilized against the effects of 
freezing by dissolving in the sol a minor amount 
of a soluble amine. The amines can be primary, 
secondary, or tertiary, and the substituents on 
the nitrogen can be any organic group, either 
acyclic or alicyclic. The nitrogen atom may be 
included in a heterocyclic ring as in piperidine 
and morpholine. The substituents on a nitrogen 
atom may be such aliphatic groups as methyl, 
ethyl, and propyl, and there may be used, for 
instance, mono-ethyl-amine and mono-amyl- 
amine. More than one such grou may be used 
and there may be employed, for instance, diethyl- 
amine, dipropyl-amine, and trimethyl-amine. 
Diamines may also be used such as ethylene- 
diamine and propylene-diamine. Instead of 
saturated acyclic groups, one may use groups of 
various degrees of unsaturation such as allyl- 
amine. Alkanol-amines may be used and as 
examples there can be mentioned triethanol- 
amine, diethanol-amine, and mono-ethanol- 
amine. 
The amines used should be sufficiently soluble 
in the sol fo permit dissolving, say, one per cent 
or more in water. 
When the chain-length of an acyclic substi- 
tuent becomes too great, as for instance wheu 
octyl amine is used, the sols are actually precipi- 
tated. Accordingly, it is lreferred that the 
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amines used bave no chatn of more than six 
carbon atoms. 
Any soluble aliphatic amine may be used. By 
this we mean to include any non-aromatic amine, 
5 that is, both acyclic and alicyclic, as illustrated 
above. 
The amount of an amine fo use wili vary 
considerably with the concentration of silica in 
the sol, with the effectiveness of the particulaï 
10 amine, and with the magnitude of effect desired. 
Ordinarily, about 0.05 to 0.25 mol of an amine 
should be used per hundred grains of SiO2 in the 
sol or composition to be stabilized. If a partic- 
ular product is apt to be frozen frequentiy or is 
15 apt to be frozen for long periods, thon much 
larger amounts can advantageously be used up 
to, say, 0.3 mol or even higher. Again, if the 
amine exorcises some valuable function in the 
particular formulation, larger amounts may be 
20 used to take advantage of other valuable 
properties. 
As bas already been observed, amines ïor 
 stabilizing silica sols can advantageously be used 
for the treatment of mixtures of silica sols with 
25 other materials as well as for treatment of the 
sols themselves. For instance, when silica sols 
are mixed with wax emulsions a small amount of 
an amine can be introduced, depending upon 
the SiO2 content, so that after freezing the emul- 
30 sions will return'to their original condition when 
they are thawed. By the use of an amine, as 
outlined above, such emulsions can be frozen 
and thawed a number of rimes without a great 
degradation. 
If wfll be observed that the particular amine 
35 
selected will vary depending upon the specific 
use. In waxes it will ordinarfly be desirable that 
the amine be volatile. It should be as volatile as 
water or should form an azeotrope with water so 
that it wfll evaporate from the emulsion. Mor- 
0 
pholine ls especially advantageous as a stabiliz- 
ing agent in wax emulsions for this reason. 
The amines may also be used as stabflizing 
agents to protect silica sols against the effects of 
freezing in paint compositions, in mixtures of 
45 silica sols.with oils and with other treating agents 
for textile fibers, in mixtures of sflica with 
various paper treating and coating agents, and 
in silica compositions containing rubber latex 
and adapted fo be used as adhesive and ri!m- 
50 forming compositions. 
In order that the invention may be better 
understood reference should be had to the follow- 
ing illustrative examples: 
55 EXAMPLE 1 
The silica sol used was one prepared as in 
the above-mentioned Bird patent and thereafter 
densified as in Bechtold and Snyder application 
Serial No. 65,536 by heating above 60 ° C. while 
{0 running rive rimes the original quantity of ion- 
exchange effluent into a heel. The product had 
a pli of ten and the particles in the sol were 
about twenty millimicrons in diameter as shown 
by an electron micrograph. The sol contained 
{5 twelve per cent SioE by welght. 
To the sol there was added eight per cent of 
ethylamine by weight based upon the amount of 
silica. This is 0.18 mol of amine per 100 grains 
of SioE. No change was effected in the appear- 
7{} ance of the sol and the ethylamine dissolved 
readily. The pli rose to 11.46. The sol was thon 
frozen and thawed six rimes and after the sixth 
thawing there was no precipitate. The sol was 
very slightly turbid after the repeated freezings 
'5 and thawings. 



The saine .s01 without-he-amine upon being 
frozen orily once and .then thwed Showed 
vitually complete precipta-tion of the .gflica. 
A similar sol was mòdified .by he addïtion of 
four .per cent of ethlamiae nd fter rive cycles 
of reezing and thawing, therewas-a slight sedi- 
ment ormed. The protection aginst precipit- 
tion and alration of the sol was almost com- 
plete and or most commercial pposes would 
be quite satisfactory. Even with two per cent dr 10 
ethylamine the protection Was fir through four 
cycles, but there was precipittion on the fifth. 
EXOE 2 
A twelvepercen Sflca sol as ued in Exraple 15 
1 was protected gast inju by £reezg by 
dissolving there .15 per cent by weight based 
upon the SiO conWat o£ morpholine. Th is 
0.17 mol o£ morph6!e per t00 .ms o£ lica. 
The sol ws protected gains mrked injury 
through four £reezing and thawing cycles and 
£ter eight cycles there was oy a slight change 
in the sol. Smer amounts o£ morpholine give 
somewhgt ller a-mounts of protection down 
fo bout two pC efit àt Which pot the protec- 
tion is only moderate. Simflar resul are ob- 
taed with 15 per cent of morpholine in a similar 
sol containing 28 per cent SiOn. 
LE 3 
A camauba wax emulsion of the type custom- 
arily used for heavy duty malchance was modi- 
fied by inclusion of silica. The wax composition 
contaed 12 per cent soli, consisting of car- 
nauba and odized paraffin waxes, emulsifying 
agents, and an ammonia-soluble test. To the 
wax emgon there was added a colloidal 
sica solution dflud to the saine concentration 
of solids as the wax emulsion so that there was 
one part of SiO by weight for each two pas by 40 
weight of solids in the wax. is formulation 
constitues no part of the prescrit invention and 
is covered in er, erial o. 775,375, filed Sep- 
tember 20, 1947, now Patent No. 2,597,871, issued 
May 27, 1952. 
To the modified wax emulsion there was added 4 
eight per cent of ethylamine based upon the 
weight of SiOe. The properties of the composi- 
tion were hot adversely affected and the formu- 
lation was protected against modification by 
freezing through rive cycles. ter rive cycles 50 
there was a small loss of gloss, though the gloss 
was st entirely satisfactory. 
 a corresponding sample which was the saine 
except for the omission 
single cycle of freezing and thawing the gloss 
was completely destroyed and the silica was com- 
pletely precipitated. The mm was gray and 
ugly. 
ELE 4 60 
 the followg example there is shown a pat 
composition, the parts beg by weight: 
Composition A 
Per cent 
Casein solution ........................ 25.97 
28 ammonia solution .................. 
Dehydrad caster off fatW acids ........ 1.01 
25-gallon linseed off ester gum varnish .... 10.29 
Water ................................. 4.22 70 
Mica .................................. 4.47 
Titanium dioxide pigment .............. 9.44 
thopone ............................. 44.26 

100.00 75 

The casein soItti0n was prepared as 'follows: 
Per cent 
Vter .................................. 80.20 
Casêin ................................ 14.02 
Borax .................................. 1.89 
Pine off ................................ 1.00 
Sodium fluoride .......................... 1:50 
Anti-Foam .H .......................... 1.39 
100.00 
The Anti-Foam H :used ïn Ché abCve com.po- 
 sïtion vas a hydr6genated Vegetalle bll ob- 
tained from American Cyramit Company. 
'The waer, casein, borhx, and pine off were 
added t0gether and ilowed :o soak at room tem- 
perature for :1 hur and -hen heated, with agi- 
talion, fo ring tle lernperatUre %o :155 ° F. ïn 
about 45 minutes. The.sOlium flu0ride Was hen 
dded and he .heting ,Con'tinued -t 1.85  F. or 
gbout 20 :minut, after .W?diëh 'the Anti-Foam H 
was adde61 -ani lJhe :hetirg Sçöpped. Suiïicient 
water was hen ded t0 relacethè am0unt iost 
by evaporation. 
The matbrials were mietl ,in he order ,listed 
and given one pass on a 3-roll mfll. The prod 
uct was a highly bodied semi-solid. 
Composition B 
.Per cent 
30 Composition A (as above) ........... 74 48] .... 
Cla .............................. 2[12 vnxea 
18% colloidal silica dispersion ....... 18.62,. d 
Mono-ethyl-amine (70% solution) .... 4.78 vxe 
i00.00"" 
The Composition A and the clay were well 
mixed; and the dispersion of colloidal silica and 
mono-ethyl-amine were likewise well mixed. 
These two mixtures were then well blended fo 
form the final product. 
The amount of mono-ethyl-amine was great- 
ly in excess of that needed to stabflize the com- 
position against freezing. The excess served to 
modify the apparent viscosity of the product. 
The apparent viscosity of the product after di- 
lution (one volume of water to two of product) 
was 90 centipoises. A similar product without 
the mono-ethyl-amine had an apparent viscosity, 
under like conditions, of 3,500 centipoises. 
The wet erosiÇn resistance of a film of the 
product after 7 days was 25 cycles, as compared 
with only / cycles for a control without the 
sitica. 
The method of determining thé wet erosion re- 
sistance was as follows: The paint to be tested 
was applied by means of a doctor blade (in this 
case a 4.2 mil Bird film applicator) to acid- 
ground and sand-blasted glass of uniform tex- 
ture. This film was allowed to dry for a stated 
period and then tested in a machine designed to 
simulate washing with a sort rag and mild soap 
solution. The machine comprised an articulated 
arm provided with clamps to hold a gauze-felt 
pad (2" x 3"). Thls arm was operated by an 
electric motoi geared so that 22 cycles were com- 
pleted per minute. The glass panel, to which 
the test material had been applied, was clamped 
in the machine so that the arm moved freely 
over the surface. The pad was saturated with a 
.25% soap solution, weighted in place with a 100- 
grain weight and the arm set in motion (recip- 
iocating in a straight line). The end-point was 
recorded as a failure which revealed any part 
of the glass under the film /" or more in length. 
When required, additional soap solution was 
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added to the surface t0 minlmtze mechanical 
rupture of the film. 
This application is a continuation-in-part oï 
our application, Serial No. 761,999, filed July 18, 
1947, now abandoned. 5 
We claire: 
1. An aqueous silica sol containing a water- 
soluble aliphatic amine having no chain of more 
than six carbon atoms, the amount of amine 
being about ïrom 0.05 to 0.25 mol per hundred 10 
grains of SiOn. in the sol. 
2. An aclueous silica sol containing ïrom about 
0.05 to 0.25 mol of morpholine per hundred 
grains of SiOn. in the sol. 
3. An aqueous silica sol containing a water- 15 
soluble alkanolamine having no chain of more 
than six carbon atoms, the amount of amine 
being about ïrom 0.05 to 0.25 mol per hundred 
grains oï SiOn. in the sol. 
4. An aqueous sflica sol modh2ed by the addi- 
tion oï, per 100 grains of SiOn. in the sol, about 
ïrom 0.05 to 2.2 mols of a water-soluble aliihatic 
amine having no chain of more than six carbon 
atoms. 
5. An aqueous silica sol stabilized against the 25 

effects of freezing by the inclusion therein of, 
per 100 grains of SiO2 in the sol, about ïrom 0.05 
to 2.2 mols of a water«soluble aliphatic amine 
having no chain oï more than six carbon atoms. 
6. An aqueous silica sol containing about ïrom 
0.05 to 2.2 mols of morpholine per hundred grains 
of SiOn. in the sol. 
7. An aqueous silica sol modified by the addi- 
tion of, per hundred grains of .iO2 in the sol, 
about from 0.05 to 2.2 mo]s of a water-soluble, 
organic amine having no chain of more than six 
carbon atoms, the amine being selected from the 
group consisting Of acyclic and alicyclic, non- 
aromatic amines. 
SAMUEL C. HORNING. 
CHARLES W. SHAY. : 
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